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(54) Image displaying with multi-gradation processing 



(57) A video signal processing apparatus processes 
an input video signal for displaying an image based on 
the video signal. Detected is a gradation level of the in- 
put video signal. A color saturation level of the input vid- 
eo signal is depressed in a predetermined color satura- 
tion level range only when the detected gradation level 
is located in a predetermined gradation level range. A 
first input video signal having a first gradation level (or 
number of bits) is converted into a second video signal 
having a second gradation level (or number of bits) that 
is lower (or smaller) than first gradation level (or number 
of bits), for displaying an image based on the input video 
signal. Error data is generated in response to a data por- 
tion of the first input video signal. The data portion cor- 



responds to a difference between the first and the sec- 
ond gradation levels (or number of bits). The error data 
is obtained by multiplying the data portion by predeter- 
mined error diffusion coefficients according to pixel dots 
that surround a pixel dot composed of R(red)-, G 
(green)- and B(blue)-signal components of the first input 
video signal. At least one of the number of bits of the 
error diffusion coefficients for one of the R-, G- and B- 
signal components is different from the other number of 
bits of the error diffusion coefficients for the other signal 
components The generated error data is added to the 
first input video signal to convert the first input video sig- 
nal into the second video signal. Reverse-gamma cor- 
rection may be applied to the first input video signal be- 
fore conversion. 
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Description 

BACKGROUND OF THE INVENTION 

s [0001] The present invention relates to an Image displaying apparatus for displaying images with digitally limited 
intermediate gradation levels, such as, plasma display panels (PDP), field emission display (FED)s, digital micro mirror 
devices (DMD) and electroluminescence displays (EL), and video signal processor. This invention also relates to video 
signal processing and error diffusion (variance) processing used for such image displaying apparatus. 
[0002J Among image displaying apparatus, matrix-type image displaying apparatus, such as, a PDP for displaying 

10 images with gradation by dividing one field into sub-fields, a FED for displaying images with gradation by pulse-width 
modulation (PWM), and also a DMD, display images only at digitally-limited intermediate gradation levels. 
[0003] Television broadcast generally provides gamma correction at the transmission side for cathode-ray tubes 
(CRTs) as receivers to achieve the linear characteristics with the reverse-gamma characteristics of CRTs at the recep- 
tion side. 

is [0004] Contrary to this, image displaying apparatus that display images at digitally-limited intermediate gradation 
levels as listed above them-selves have the linear characteristics. Such image displaying apparatus thus require re- 
verse-gamma correction to the 2.2 power to input video signals to regain the linear characteristics for displaying images 
with the gradation characteristics similar to that for CRTs. 

[0005] These image displaying apparatus may receive input signals at gradation levels, the number of which (the 
20 number of bits) is larger than that can be displayed by the image displaying apparatus. These image displaying appa- 
ratus may decrease the number of gradation levels (the number of bits) to be displayed so that it is smaller than the 
number of gradation levels (the number of bits) for input signals. Moreover, the image displaying apparatus may in- 
crease the number of bits so that it is larger than that the displaying apparatus are capable of displaying when regaining 
the linear characteristics by reverse-gamma correction. 
25 [0006] Decrease in the number of bits (gradation levels) is thus required when the number of bits (the first number 
of gradation levels) of input video signals or reverse -gamma-corrected video signals is larger than that (the second 
number of gradation levels) the image displaying apparatus being capable of displaying. Such a decrease however 
loses gradation; hence multi-gradation processing with error diffusion is required. 

[0007] Multi-gradation processing by way of error diffusion is performed as discussed below with reference to FIG. 
30 1 for displaying images corresponding to the first number of gradation levels larger than the second number of gradation 
levels explained above. 

[0008] A dot "P B in FIG. 1 is one of the three dots for constituting a pixel, and has gradation that cannot be expressed 
at the second number of gradation levels. Dots "A", "B°, "C" and "D" are located at the right side of, the left lower side 
of, under, and the right lower side of the dot "P°, respectively. 
35 [0009] Multi-gradation processing is generally performed for offering images at quasi-first number of gradation levels 
by diffusing the gradation levels that corresponds to (the first number of gradation levels - the second number of gra- 
dation levels) to the surrounding dots "A" to "D" with a predetermined weighting for the dot "P" that can not be exhibited 
at the first number of gradation levels. 

[0010] Displaying images at gradation levels by using the upper 8 bits of 12 bits of dot data by image displaying 
40 apparatus capable of displaying images at 8-bit gradation levels is performed by diffusing the dot data of the lower 4 
bits of the 12 bits with constant weighting to the surrounding dots "A" to "D" for visual integration to achieve image 
displaying at gradation levels corresponding to 12 bits. 

[0011] In FIG. 1, "7/16°, "3/16", "5/1 6" and "1/1 6" are examples of error diffusion coefficients that represent the degree 
of weighting. The same error diffusion coefficients are used for the three primary colors R(red), G(green) and B(blue). 

45 [0012] Conventional image displaying apparatus as introduced above have the following drawbacks: 

[0013] Displaying images with reverse-gamma correction to digitally-converted R-, G- and B-video signals, as dis- 
closed above, loses gradation particularly in the low intensity range, thus resulting in discontinuous gradation levels. 
[0014] Especially, PDPs produce gradation levels by selecting sub-fields with different weighting for luminescence 
that constitute one field. This causes large differences in intensity among gradation levels, to produce large variation 

so in visual color saturation between close gradation levels in the low intensity range for single color and mixed colors. 
This results in color pseudo-contour disturbances in image quality or in images with color saturation in which some dot 
bits have been dropped, particularly, for dark images at flat color saturation levels. 

[0015] To avoid such phenomena, multi-gradation processing, such as, using dither matrices or error diffusion 
achieves smooth color saturation in the low intensity range close to black. This processing, however, causes distur- 
bs bances in image quality, like periodical color pattern noises on black dark images. 

[0016] Moreover, in order to avoid such phenomena, Japanese Unexamined Patent Publication No. 1997(9)- 198000 
discloses a method of decreasing color saturation in the low intensity range. This method, however, uniformly decreases 
color saturation in the low intensity range even for images of a large saturation in the low intensity range, thus producing 
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strange images. 

[0017] Such drawbacks are revealed not only in the low intensity range, but also partially in the intermediate and 
high gradation ranges, depending on sub-field selection. 

[0018] Error diffusion as illustrated in FIG. 1 uses the same error diffusion coefficients to the three primary colors R, 
5 G and B, thus causes image disturbances, such as, periodical pattern noises peculiar to error diffusion, especially, for 
displaying fixed patterns. 

[0019] Displaying digital video signals generated by personal computers and fixed patterns on PDPs is performed 
with no error diffusion to avoid lowering in image quality image which would otherwise occur due to disturbances, such 
as, periodical pattern noises peculiar to error diffusion. 
10 [0020] However, conventional displaying apparatus use the same reverse-gamma correction characteristics for multi- 
gradation processing in spite of error diffusion, or an optimum reverse-gamma correction characteristics for image 
displaying in combination of reverse-gamma correction and error diffusion. Displaying images without error diffusion 
thus remarkably loses gradation levels in the low gradation range, thus producing images with remarkably discontinuous 
gradation levels in which digital bits have been dropped. 

75 

SUMMARY OF THE INVENTION 

[0021] A purpose of the present invention is to provide an apparatus and a method of displaying images in a specific 
gradation level range, such as, a low gradation level range, with no color quasi edge-like image disturbances, color 
20 saturation as if bits have been dropped nor color pattern noises. 

[0022] Another purpose of the present invention is to provide an apparatus and a method of displaying images with 
no periodical pattern noises which would be generated by error diffusion processing. 

[0023] The present invention provides a video signal processing apparatus to process an input video signal for dis- 
playing an image based on the video signal including: a detector to detect a gradation level of the input video signal; 

25 and a processor to depress a color saturation level of the input video signal in a predetermined color saturation level 
range only when the detected gradation level is located in a predetermined gradation level range. 
[0024] Moreover, the present invention provides an apparatus for converting a first input video signal having a first 
gradation level into a second video signal having a second gradation level that is lower than first gradation level, for 
displaying an image based on the input video signal including: a generator to generate error data in response to a data 

30 portion of the first input video signal, the data portion corresponding to a difference between the first and the second 
gradation levels, the error data being obtained by multiplying the data portion by predetermined error diffusion coeffi- 
cients according to pixel dots that surround a pixel dot composed of R(red)-, G(green)- and B(blue)-signal components 
of the first input video signal, at least one of the error diffusion coefficients for one of the R-, G- and B-signal components 
being different from the other error diffusion coefficients for the other signal components; and an adder to add the 

3S generated error data to the first input video signal, thus converting the first input video signal into the second video signal. 
[0025] Furthermore, the present invention provides an apparatus for converting a first input video signal having a 
first number of bits into a second video signal having a second number of bits that is smaller than first number of bits, 
for displaying an image based on the input video signal including: a generator to generate error data in response at 
least to a data portion of lower significant bits of the first number of bits of the first input video signal, the lower significant 

40 bits corresponding to a difference between the first and the second number of bits, the error data being obtained by 
multiplying the data portion by predetermined error diffusion coefficients according to pixel dots that surround a pixel 
dot composed of R(red)-, G(green)- and B(blue)-signal components of the first input video signal, at least one of the 
number of bits of the error diffusion coefficients for one of the R-, G- and B-signal components being different from the 
other number of bits of the error diffusion coefficients for the other signal components; and an adder to add the generated 

45 error data to the first input video signal, thus converting the first input video signal into the second video signal. 

[0026] Moreover, the present invention provides a method of displaying an image based on an input video signal. 
Reverse-gamma correction is applied to an input first video signal. The reverse-gamma correction-applied input first 
video signal having a first gradation level is converted into a second video signal having a second gradation level that 
is lower than first gradation level by multi-gradation processing. The signal conversion is switched between a first state 

so in which the input first video signal requires multi-gradation processing and a second state in which the input first video 
signal does not require multi-gradation processing. 

[0027] Furthermore, the present invention provides a method of displaying an image based on an input video signal. 
Reverse-gamma correction is applied to an input first video signal. The reverse-gamma correction-applied input first 
video signal having a first number of bits is converted into a second video signal having a second number of bits that 
55 js smaller than first number of bits by multi -gradation processing. The signal conversion is switched between a first 
state in which the input first video signal requires multi-gradation processing and a second state in which the input first 
video signal does not require multi-gradation processing. 

[0028] . Still, furthermore, the present invention provides a method of displaying an image based on an input video 
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signal. Reverse-gamma correction is applied to an input first video signal. Error data is generated in response at least 
to a data portion of lower significant bits of the first number of bits of the first input video signal. The lower significant 
bits correspond to a difference between the first and the second number of bits. The error data is obtained by multiplying 
the data portion by predetermined error diffusion coefficients according to pixel dots that surround a pixel dot composed 
5 of R(red)-, G(green)- and B(blue)-signal components of the first input video signal. The generated error data is added 
to the first input video signal. The first input video signal is thus converted into the second video signal. The signal 
conversion is halted by setting the generated error data at zero. 

[0029] Moreover, the present invention provides a method of displaying an image based on an input video signal. 
Reverse-gamma correction is applied to an input first video signal having a first number of bits. The reverse-gamma 

10 correction is provided at least with first reverse-gamma correction characteristics and second reverse-gamma correc- 
tion characteristics different from the first characteristics. The reverse-gamma correction-applied first input video signal 
is converted into a second video signal having a second number of bits smaller than the first number of bits, by gen- 
erating error data in response at least to a data portion of lower significant bits of the first number of bits of the first 
input video signal. The lower significant bits correspond to a difference between the first and the second number of 

is bits. The error data is obtained by multiplying the data portion by predetermined error diffusion coefficients according 
to pixel dots that surround a pixel dot composed of R(red)-, G(green)- and B(blue)-signal components of the first input 
video signal. The generated error data is added to the first input video signal. The conversion of the first input video 
signal to the second video signal is turned on or off. The reverse-gamma correction is switched between the first and 
the second reverse-gamma correction characteristics with respect to a first state in which the input first video signal 

20 requires the input video signal conversion and a second state in which the input first video signal does not require the 
input video signal conversion. All the lower significant bits of the first input video signal are set at zero to turn off the 
signal conversion to achieve the second state. 

[0030] Furthermore, the present invention provides a method of displaying an image based on an input video signal. 
Reverse-gamma correction to an input first video signal having a first number of bits. The reverse-gamma correction 

25 is provided at least with first reverse-gamma correction characteristics and second reverse-gamma correction charac- 
teristics different from the first characteristics. The reverse-gamma correction-applied first input video signal is con- 
verted into a second video signal having a second number of bits smaller than the first number of bits, by generating 
error data in response at least to a data portion of lower significant bits of the first number of bits of the first input video 
signal. The lower significant bits correspond to a difference between the first and the second number of bits. The error 

30 data is obtained by multiplying the data portion by predetermined error diffusion coefficients according to pixel dots 
that surround a pixel dot composed of R(red)-, G(green)- and B(blue)-signal components of the first input video signal. 
The generated error data is added to the first input video signal. The conversion of the first input video signal to the 
second video signal is turned on or off. The reverse-gamma correction is switched between the first and the second 
reV erse-gamma correction characteristics with respect to a first state in which the input first video signal requires multi- 

35 gradation processing and a second state in which the input first video signal does not require multi-gradation processing. 
All the generated error data are set at zero to turn off the signal conversion to achieve the second state. 
[0031] Still, furthermore, the present invention provides an apparatus of displaying an image based on an input video 
signal having a reverse-gamma corrector to apply reverse-gamma correction to the input video signal, the reverse- 
gamma corrector being provided with at least first and second reverse-gamma correction characteristics each repre- 

40 senting a relationship between an input gradation level and an output gradation level, the first characteristics being 
composed of a first straight line having a first gradient from an input gradation level zero to a predetermined input 
gradation level, the second characteristics being composed of a second straight line having a second gradient from 
the input gradation level zero to the predetermined input gradation level, the first and the second gradient being different 
from each other, each straight line being followed by a curve at the predetermined input gradation level. 

45 [0032] Moreover, the present invention provides an apparatus of displaying an image based on an input video signal 
including: a first processor to apply reverse-gamma correction to an input first video signal having a first number of 
bits, the reverse-gamma corrector being provided with at least first and second reverse-gamma correction character- 
istics each representing a relationship between an input gradation level and an output gradation level, the first char- 
acteristics being composed of a first straight line having a first gradient from an input gradation level zero to a prede- 

50 termined input gradation level, the second characteristics being composed of a second straight line having a second 
gradient from the input gradation level zero to the predetermined input gradation level, the first and the second gradient 
being different from each other, each straight line being followed by a curve at the predetermined input gradation level; 
a second processor having at least a first and a second generator to convert the first input video signal into a second 
video signal having a second number of bits smaller than the first number of bits, each generator generating error data 

55 in response at least to a data portion of lower significant bits of the first number of bits of the first input video signal, 
the lower significant bits corresponding to a difference between the first and the second number of bits, the number of 
the lower significant bits being different from each other between the first and the second generators, the error data 
being obtained by multiplying the data portion by predetermined error diffusion coefficients according to pixel dots that 
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surround a pixel dot composed of R(red)-, G (green)- and B(blue)-signal components of the first input video signal, the 
generated error data being added to the first input video signal; and a switch to switch the first processor between the 
first and the second reverse-gamma correction characteristics, thus generating a switching signal, in response to the 
switching signal, the second processor being switched between the first and the second generators with respect to the 

5 different number of bits of the lower significant bits. 

[0033] Moreover, the present invention provides an apparatus of displaying an image based on an input video signal 
including: a first processor to apply reverse-gamma correction to an input first video signal having a first number of 
bits, the reverse-gamma corrector having reverse-gamma correction characteristics representing a relationship be- 
tween an input gradation level and an output gradation level, the characteristics being composed of a straight line 

10 having a gradient 1/t (T ^ 1) from an input gradation level zero to a predetermined input gradation level, the straight 
line being followed by a curve at the predetermined input gradation level; and a second processor to convert the first 
input video signal into a second video signal having a second number of bits smaller than the first number of bits, by 
generating error data in response at least to a data portion of lower significant bits "n" (t = 2") of the first number of 
bits of the first input video signal, if "n" including decimal places, the decimal places being rounded down, the lower 

is significant bits corresponding to a difference between the first and the second number of bits, the error data being 
obtained by multiplying the data portion by predetermined error diffusion coefficients according to pixel dots that sur- 
round a pixel dot composed of R(red)-, G (green)- and B(blue)-signal components of the first input video signal, the 
generated error data being added to the first input video signal. 

20 BRIEF DESCRIPTION OF DRAWINGS 

[0034] 

FIG. 1 illustrates multi-gradation processing with conventional error diffusion processing; 
25 FIG. 2 shows a block diagram of the first preferred embodiment of an image displaying apparatus according to the 

present invention; 

FIG. 3 shows a block diagram of a video signal processor installed in the first preferred embodiment of FIG. 2; 
FIG. 4 shows a block diagram of an adaptive color saturation depressing circuit of the video signal processor 
shown in FIG. 3; 

30 FIG. 5 illustrates the characteristics of color saturation depression control signal generated by the adaptive color 

saturation depressing circuit of FIG. 4; 

FIG. 6 illustrates the characteristics of color saturation depression amount generated by the adaptive color satu- 
ration depressing circuit of FIG. 4; 

FIG. 7 illustrates one type of the characteristics of color saturation depression processing according to the first 
35 embodiment; 

FIG. 8 illustrates another type of the characteristics of color saturation depression processing according to the first 
embodiment; 

FIG. 9 illustrates still another type of the characteristics of color saturation depression processing according to the 
first embodiment; 

40 FIG. 10 illustrates reverse-gamma correction characteristics curves according to the first embodiment; 

FIG. 11 illustrates another type of the characteristics of color saturation depression control signal generated by 
the adaptive color saturation depressing circuit of FIG. 4; 

FIG. 12 illustrates still another type of the characteristics of color saturation depression processing according to 
the first embodiment; 

45 FIG. 1 3 shows a block diagram of an error diffusion processor for the second preferred embodiment of an image 

displaying apparatus according to the present invention; 

FIGS. 14A and 14B illustrate error diffusion processing in the second preferred embodiment; 
FIGS. 15A and 15B illustrate error diffusion processing in the third preferred embodiment of an mage displaying 
apparatus according to the present invention; 
50 FIGS. 16A, 16Band 16C illustrate another error diffusion processing in the third preferred embodiment of an mage 

displaying apparatus according to the present invention; 

FIG. 17 shows a block diagram of the fourth preferred embodiment of an image displaying apparatus according 
to the present invention; 

FIG. 18 shows a block diagram of a reverse-gamma corrector installed in the fourth preferred embodiment of FIG. 
55 17; 

FIG. 19 illustrates reverse-gamma correction characteristics curves for the reverse-gamma corrector shown in 
FIG. 16; 

FIG. 20 shows a block diagram of an error diffusion processor installed in the fourth preferred embodiment of FIG. 
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FIG. 21 illustrates error diffusion processing by the error diffusion processor shown in FIG. 20; 

FIG. 22 shows a block diagram of the fifth preferred embodiment of an image displaying apparatus according to 

the present invention; 

5 FIG. 23 shows a block diagram of a reverse-gamma corrector installed in the fifth preferred embodiment of FIG. 22; 

FIG. 24 illustrates reverse-gamma correction characteristics curves for the reverse-gamma corrector shown in 
FIG 23' 

FIG. 25 shows a block diagram of an error diffusion processor installed in the fifth preferred embodiment of FIG. 
22; and 

10 FIGS. 26A and 26B illustrate error diffusion processing by the error diffusion processor shown in FIG. 25. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0035] Preferred embodiments according to the present invention will be disclosed with reference to the attached 
is drawings. 

[The First Preferred Embodiment] 

[0036] The first preferred embodiment shown in FIG. 2 relates to video signal processing according to the present 
20 invention. This embodiment uses a PDP as a matrix-type displaying device capable of displaying images only at a 
digitally-limited number of gradation levels. Not only a PDP, the present invention can use other types of image dis- 
playing apparatus, such as, those already introduced. 

[0037] In FIG. 2, R-, G- and B-video signals are fed to a video signal processor 1 . The processor 1 processes the 
video signals according to the video processing of the present invention which will be disclosed later and other types 

25 of video processing. The R-, G- and B-video signals in this embodiment are 8-bit digital signals, or video signals of 
256 gradation levels. The R-, G-and B-video signals are termed as R-, G- and B-signals hereinafter for brevity. 
[0038] The processed video signals are fed to a reverse-gamma corrector 2 for applying the reverse-gamma cor- 
rection of the same characteristics to the signals. The corrector 2 in this embodiment outputs 12-bit digital signals, or 
video signals of 496 gradation levels, based on the input 8-bit digital signals to keep gradation levels which would 

30 otherwise be decreased due to the reverse-gamma correction. 

[0039] The output R-, G-, and B-signals of the reverse-gamma corrector 2 are fed to R-, G- and B-error diffusion 
processors 3R, 3G and 3B, respectively. Each error diffusion processor in this embodiment processes the 1 2-bit digital 
signal so that the lower 4 bits of the 1 2 bits are diffused into the upper 8 bits of the 1 2 bits, to output a 8-bit digital signal. 
[0040] The output 8-bit digital signal are fed to a PDP 4 for sub-filed processing to display R-, G- and B-signals on 

35 a screen. 

[0041] The video signal processor 1 will be disclosed in detail with reference to FIGS. 3 and 4. 
[0042] R-, G- and B-signals are fed to a Y«Cb*Cr matrix circuit 11 for Y«Cb»Cr matrix conversion to output an intensity 
signal Y and color-difference signals Cb and Cr. The type of color-difference signals depends on the type of input video 
signals. When the input video signals are high-vision signals, these signals are fed to a Y*Pb«Pr matrix circuit for 

40 Y»Pb»Pr matrix conversion to output an intensity signal Y and color-difference signals Pb and Pr. 

[0043] The intensity signal Y and color-difference signals Cb and Cr are fed to an adaptive color saturation depressing 
circuit 12 for depressing the color saturation (the values of the color-difference signals Cb and Cr) according to the 
intensity (the value of the intensity signal Y). The outputs of the adaptive color saturation depressing circuit 12 are fed 
to a R*G«B matrix circuit 1 3 for R»G»B matrix conversion to reproduce the input R-, G- and B-video signals. 

45 [0044] The adaptive color saturation depressing circuit 1 2 will be disclosed in detail with reference to FIG. 4. 

[0045] In FIG. 4, the intensity signal Y is fed to a gradation level (GL) detector 121, on the other hand the color- 
difference signals Cb and Cr are fed to a color saturation depression amount (CSDA) generators 1 23 and 1 24, respec- 
tively. 

[0046] The intensity signal Y is delayed by a delay circuit (not shown for brevity) so that it is output at the same timing 
so as for the Cb and Cr signals which are delayed due to the processing disclosed later. 

[0047] A gradation level of the intensity signal Y is detected by the GL detector 121 . The resultant detection signal 
is fed to a color saturation depression control signal (CSDCS) generator 122. 

[0048] As illustrated in FIG. 5, the CSDCS generator 122 generates a color saturation depression control signal Sx 
at a predetermined gradation level Yip (or less) that corresponds to an input gradation level Yi. The closer the gradation 
55 level from Yip to zero, the larger the control signal Sx. In this embodiment, the linear functions is shown in FIG. 5 for 
the relationship between the gradation level Yi and the color saturation depression control signal Sx. The control signal 
reaches the maximum value Sxmax at the gradation level zero. The linear function shown in FIG.5 is not a must for 
the Yi-Sx relationship. It may, for example, be a curve exhibiting the relationship in that the smaller the gradation level 
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Yi, the larger the control signal Sx. It is disclosed later, however, a control signal for controlling what level of a color 
saturation depression control signal Sx is output is supplied to the CSDCS generator 122, 

[0049] The output color saturation depression control signal Sx of the CSDCS generator 122 is fed to the CSDA 
generators 1 23 and 1 24 of the same circuitry. The CSDA generator 1 23 (1 24) generates a color saturation depression 
5 amount X by multiplying the input color-difference signal Cb (Cr) by a predetermined coefficient in response to the 
control signal Sx. Although not disclosed, such a color saturation depression amount can be generated without the 
input color-difference signal. 

[0050] Generation of the color saturation depression level (amount X) by the CSDA generator 123 (124) in accord- 
ance with to the color-difference signal Cb (Cr) will be disclosed in detail with reference to FIG. 6. 

w [0051] The abscissa and the ordinate in FIG. 6 represent the color saturation depression control signal Sx and the 
color saturation depression amount X generated by the CSDA generator 123 (124), respectively. 
[0052] As illustrated in FIG. 6, the CSDA generator 1 23 (1 24) generates a triangular shape color saturation depres- 
sion amount X in accordance with the control signal Sx. In detail, a triangular shape color saturation depression amount 
X is decided within the region between the abscissa and a gain 1/2 (dotted line) of the CSDA generator 123 (124) to 

*5 the color-difference signal Cb (Cr). The color saturation depression amount X is represented by the area of the triangle. 
The larger the control signal Sx, the larger the area of the triangle, as shown by the arrows. The gain of the CSDA 
generator 123 (124) to the color-difference signal Cb (Cr) is preferably 1/2, however, it may be 1 or less than 1/2. 
[0053] Color saturation depression amounts X generated by the CSDA generator 123 and 1 24, and also the color- 
difference signal Cb and Cr are fed to subtractors 125 and 1 26, respectively. 

20 [0054] The subtractor 1 25 (1 26) subtracts the color saturation depression amount X from the color-difference signal 
Cb (Cr) to output a color-difference signal Cbl (Cr1). 

[0055] The input color-difference signal Cb (Cr) is delayed by a delay circuit (not shown for brevity) so that it is fed 
to the subtractor 1 25 (1 26) at the same timing as for the color saturation depression amount X generated by the CSDA 
generator 1 23 (124) to which the signal Cb (Cr) is input with no delay. 
25 [0056] The subtraction performed by the subtractors 1 25 and 1 26 is controlled by a control signal fed thereto, which 
will be described later. 

[0057] The operation of the adaptive color saturation depressing circuit 12 as disclosed above is summarized as 
follows: 

[0058] When an input gradation level Yi is higher a predetermined level Yip (Yi > Yip), an input color saturation level 
30 Ci of the color-difference signal Cb (Cr) is output with no change as a color saturation level Co (= Ci) by the adaptive 
color saturation depressing circuit 12. Since the color saturation depression amount X is zero in this case, the rela- 
tionship between the input gradation levels Yi and the color saturation level Co (Yi > Yip) is represented as shown in 
FIG. 7. The predetermined jevel Yip is, for example, 64 for 256 gradation levels. 

[0059] On the other hand, when an input gradation level Yi is equal to or lower than the predetermined level Yip (Yi 
35 ^ Yip), the CSDCS generator 122 generates the output color saturation depression control signal Sx based on the 
input gradation level Yi, as explained with reference to FIG. 5, and the CSDA generator 123 and 124 generate the 
color saturation depression amounts X in response to the control signal Sx. 

[0060] The depression amounts X are subtracted from the input color-difference signals Cb and Cr by the subtrators 
125 and 126, respectively, thus providing the relationship between input and output color saturation levels Ci and Co, 
40 as shown in FIG. 8. 

[0061] Increase in color saturation depression amount X as illustrated in FIG. 6 causes the change in the relationship 
between input and output levels Ci and Co, as represented by the arrows shown in FIG. 8. 

[0062] The dotted-straight line T shown in FIG. 8 represents the characteristics when the color saturation depression 
amount X is zero. Subtraction of the depression amount X as illustrated in FIG. 6 produces the Ci-Co characteristics 
45 that drops under the straight line T as illustrated in FIG. 8. The area of the triangle Ta depicted by oblique lines in FIG. 
6 is equal to the triangle Tb (which is subtracted under the straight line T) depicted by oblique lines in FIG. 8. As 
illustrated in FIG. 8, increase in color saturation depression amount X from the triangle Tb toward the arrows causes 
gradual enlargement of the triangle to be subtracted for the Ci-Co characteristics. 

[0063] As disclosed above, the operation with reference to FIGS. 5 to 8 is an adaptive control of depression amount 
50 of the input color saturation level Ci so that the input color saturation level Ci is decreased from the level zero (achromatic 
color side) to more by increasing the color saturation depression amount X as the input gradation level Yi approaches 
zero. This operation is performed when the input color saturation level Ci is equal to or lower than the predetermined 
color saturation level Cip in the low gradation range where the input gradation level Yi is equal to or lower than the 
predetermined gradation Yip. 

55 [0064] Accordingly, the present invention achieves restriction of edge-like image disturbances generated on dark 
images in vicinity of black, thus preventing generation of images of color saturation as if bits have been dropped. 
[0065] Furthermore, the present invention achieves restriction of generation of periodical color pattern noises due 
to multi-gradation processing and of decrease in color saturation of images with a large color saturation in low intensity 
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range, thus offering sharp color reproduction even for dark images. 

[0066] The operation illustrated in FIG. 8 decreases the output color saturation level Co but higher than the zero 
level when the input color saturation level Ci is equal to or lower than the predetermined level Cip. 
[0067] For depression of color saturation mainly in the achromatic color side, however, as illustrated in FIG. 9, the 
5 starting point of subtraction of the color saturation depression amount X can be shifted in the direction of low color 
saturation so that the output color saturation level is zero when the input color saturation level Ci is equal to or lower 
than a level Cio. The maximum input color saturation level from which the level Ci is decreased is the level Cip' as 
shown in FIG. 9, to which the level is shifted from the color saturation level Cip in the direction of low color saturation 
level. 

10 [0068] The foregoing operation is performed in the low gradation range lower than the gradation level Yip. The present 
invention, however, can be applied to the intermediate and high gradation ranges. For example, for PDPs, a gradation 
level range to be subjected to color saturation depression can be set for a gradation range in which luminance intensity 
exhibits a big difference between adjacent gradation levels, according to selection of sub-fields. Moreover, color sat- 
uration range can be achromatic color range, and intermediate and high color saturation ranges for which color satu- 

is ration is mainly depressed. 

[0069] The curves I, II and Ml illustrated in FIG. 10 are reverse-gamma correction characteristics to be applied to the 
reverse-gamma corrector 2 shown in FIG. 2. These characteristics curves can be switched according to the input video 
signal. 

[0070] The input gradation level Yi (abscissa) in FIG. 10 represents the input gradation level to the reverse-gamma 
20 corrector 2. The output gradation level Yo (ordinate) in FIG. 10 represents the output gradation level from the reverse- 
gamma corrector 2. 

[0071] Switching the reverse-gamma correction characteristics among the curves I , II and III would cause generation 
of edge-like image disturbances or production of images of color saturation in which bits have been dropped. These 
can be avoided by setting the gradation level range to be subjected to color saturation depression at intermediate or 
25 high gradation level range and the color saturation range to be subjected to color saturation depression at low, inter- 
mediate or high color saturation range. 

[0072] Illustrated in FIG. 11 is color saturation depression in the intermediate gradation level range. The CSDCS 
generator 1 22 (FIG. 4) generates a triangular color saturation depression control signal Sx in the intermediate gradation 
level range from an input gradation. level YiPl to another input gradation level YiP2. The CSDA generator 123 (124) 
30 generates a color saturation depression amount X in response to the control signal Sx. The subtrator 1 25 (1 26) subtracts 
the amount X from the color-difference signal Cb (Cr) in the low, intermediate or high color saturation range for color 
saturation depression. 

[0073] The control signal fed to the CSDCS generator 122 is used to switch the generation of color saturation de- 
pression control signal Sx among the low gradation level range equal to or lower than the gradation level YiP as shown 
35 in FIG. 5, the intermediate gradation level range from the gradation levels YiPl to YiP2 as shown in FIG. 11 , and the 
high gradation level range (which is not shown). The characteristics of the color saturation depression control signal 
Sx can also be switched by the control signal fed to the CSDCS generator 122. 

[0074] Illustrated in FIG. 12 is color saturation depression in the intermediate color saturation range. The CSDCS 
generator 122 generates a color saturation depression control signal Sx in the low gradation level range equal to or 
40 lower than the gradation level YiP shown in FIG. 5, the intermediate gradation level range from the gradation levels 
YiP1 to YiP2 shown in FIG. 11 or the high gradation level range (not shown). 

[0075] The CSDA generator 123 (124) generates a color saturation depression amount X in response to the control 
signal Sx. The subtrator 125 (126) subtracts the amount X from the color-difference signal Cb (Cr) in the intermediate 
color saturation range from an input color saturation level CiP1 to another input color saturation level CiP2, as shown 

45 in FIG. 12, for color saturation depression. 

[0076] The control signal fed to the subtractors 125 and 126 is used to switch the generation of color saturation 
depression amount X among the low color saturation range (FIG. 8), the intermediate color saturation range (FIG. 12) 
and the high color saturation range (not shown). This control signal can also be used for switching of how color saturation 
is depressed in each of the low, intermediate and high color saturation ranges. Color saturation depression in the 

50 intermediate and high color saturation ranges requires color saturation depression amount X-updating by the CSDA 
generators 123 and 124, and/or the subtrators 125 and 126. 

[0077] Moreover, color saturation depression can be performed from the input color saturation level CiP2 at the 
highest color saturation level in the intermediate color saturation level range, as shown by dotted arrow in FIG. 12. The 
number of bits of the control signal fed to the subtractors 125 and 126 is the same as for the input color-difference 
55 signals Cb and Cr, which is eight bits in FIG. 4. 

[0078] As disclosed above, a gradation level range for color saturation depression and a color saturation depression 
level range for actual color saturation depression can be set according to a region of image or image them-selves to 
which image disturbances would occur due to the display characteristics of a displaying apparatus or the reverse- 



8 



EP 1 083 539 A2 



gamma correction characteristics. 

[0079] In detail, as shown in FIGS. 5 to 8, the following combinations are applicable: 



To depress the color saturation in the low color saturation range in the low gradation range; 
s To depress the color saturation in the intermediate color saturation range in the low gradation range; 

To depress the color saturation in the high color saturation range in the low gradation range; 

To depress the color saturation in the low color saturation range in the intermediate gradation range; 

To depress the color saturation in the intermediate color saturation range in the intermediate gradation range; 

To depress the color saturation in the high color saturation range in the intermediate gradation range; 
10 To depress the color saturation in the low color saturation range in the high gradation range; 

To depress the color saturation in the intermediate color saturation range in the high gradation range; and 

To depress the color saturation in the high color saturation range in the high gradation range. 



[0080] The low gradation range is a range from the gradation level zero to any intermediate level that is a level close 
15 to the level zero and distant from the maximum level. The intermediate gradation range is a range from a first any 
intermediate gradation level distant from the level zero to a second any intermediate gradation level. The intermediate 
gradation range is not limited to a central gradation range. The high gradation range is a range from any intermediate 
gradation level distant from the gradation level zero to the maximum gradation level. This intermediate gradation level 
is distant from the level zero and close to the maximum level. 
20 [0081] The low color saturation range is a range from the color saturation level zero to any intermediate level that is 
a level close to the level zero and distant from the maximum level. The intermediate color saturation range is a range 
from a first any intermediate color saturation level distant from the level zero to a second any intermediate color satu- 
ration level. The intermediate color saturation range is not limited to a central color saturation range. The high color 
saturation range is a range from any intermediate color saturation level distant from the color saturation level zero to 
25 the maximum color saturation level. This intermediate color saturation level is distant from the level zero and close to 
the maximum level. 

[0082] Adaptive color saturation depression is preferably performed, as depicted by the solid line-arrows in FIG. 8, 
from the lower input color saturation Ci side, or the achromatic color (color saturation zero) side, and also, as depicted 
by the solid line-arrows in FIG. 12, from the input color saturation Cipl side. 
30 [0083] However, as disclosed above, the color saturation depression level can be set according to a region of image 
or image them-selves to which image disturbances would occur due to the display characteristics of a displaying ap- 
paratus or the reverse-gamma correction characteristics. 

[0084] As disclosed above, the video signal processing according to the present invention achieves image quality 
enhancement for dark portions, and intermediate or high gradation range of images displayed by displaying apparatus 
35 that can only express digitally-limited intermediate gradation by regaining the linear gradation characteristics of input 
video signals with the reverse-gamma correction. Not only to such displaying apparatus, however, the present invention 
is applicable to other displaying apparatus, such as, CRTs used as monitors for VTRs or personal computers, and 
projection -type displaying apparatus, etc. 

[0085] As disclosed above, the video signal processing according to the first embodiment achieves preferable color 
40 reproduction with no color quasi edge-like image disturbances in a specific gradation range such as the low gradation 
range, images of color saturation as if bits have been dropped or color pattern noises by detecting a gradation level 
of an input video signal to adaptively depress the color saturation level in a color saturation range having a predeter- 
mined color saturation level of the input video signal only in a gradation range having a predetermined gradation level. 



45 [The Second Preferred Embodiment] 



[0086] The second embodiment relates to error diffusion processing. The overall circuit configuration of a displaying 
apparatus used for the second embodiment is like shown in FIG. 2 for the first embodiment. 
[0087] Elements in this embodiments and also those in the third to the fifth embodiments which will be described 
50 later, that are the same or analogous to the elements in the first embodiment are referenced by the same reference 
numbers and will not be explained in detail. 

[0088] The difference between the first and second embodiments is that the latter uses three error diffusion coeffi- 
cients one of which is different from the other two or all of which are different from each other for R-, G- and B-error 
diffusion processors. 

55 [0089] As shown in FIG. 13, an R-error diffusion processor 30R, a G-error diffusion processor 30G, and a B-error 
diffusion processor 30B for the second embodiment have the same circuitry, the block diagrams for the processors 
30G and 30B being omitted for brevity. 

[0090] Error diffusion coefficients set in these processors are different from each other. However, since the operation 
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is the same, the following disclosure is only for the R-error diffusion processor 30R, for brevity. 
[0091] In FIG. 1 3, a 12-bit R-signal fed by the reverse-gamma corrector 2 (FIG. 2) is output via adders 31 and 32. 
The lower 4 bits of the 1 2-bit data output by the adder 32 are fed to a R-error detector 33R. The lower 4 bits correspond 
to the gradation difference that will be lost by converting the 12-bit digital signal (4096 gradations) to the 8-bit digital 

5 signal (256 gradations). 

[0092] The R-error detector 33R generates error data by multiplying the input lower 4-bit data by error diffusion 
coefficients, according to dots A\ B\ C and D' that surround a dot P\ as shown in FIG. 14A. 
[0093] In detail, the R-error detector 33R generates error data via its terminals "a", "b", "c" and "d", by multiplying 
the lower 4-bit data by the error diffusion coefficients 7/16, 3/16, 5/16 and 1/16, respectively. The relationship between 

10 the dots A', B\ C and D' and the corresponding dots A, B, C and D in FIG. 14A will be disclosed later. 

[0094] The error data output via the terminals "a", "b", and V and "d" are fed to the adder 32, an adder 35, and an 
adder 34, respectively. The adder 34 adds the error data from the terminals "d" and p c\ The output of the adder 34 is 
fed to the adder 35 and added to the error data from the terminal "b". The addition result is fed to a line memory 36 by 
which the output of the adder 35 is delayed by a period slightly shorter than a period for one line and fed to the adder 31 . 

is [0095] The output of the line memory 36 and the input R-signal are added by the adder 31 and fed to the adder 32. 
The input R-signal corresponds to the dot P' in FIG. 14A in this embodiment. The adder 31 performs addition of the 
output of the line memory 36 that is the error data generated one line ago to the to the dot P\ or B' x 3/1 6 + C x 5/1 6 
+ D'x 1/16. 

[0096] The output of the adder 31 is added by the adder 32 to the error data output by the R-error detector 33R via 
20 the terminals "a". The adder 32 performs addition of the output of the adder 31 and the error data A' x 7/1 6 generated 
by the R-error detector 33R one dot ago. 

[0097] As disclosed, error data generated by multiplying the dots A', B\ C and D' by their respective error diffusion 
coefficients are added to the dot P* in FIG. 14A. The next lower 4 bits of the output 12-bit data of the adder 32 are fed 
to the R-error detector 33R for repetition of the same processing described above. 
25 [0098] On the other hand, the upper 8 bits of the output 1 2-bit data of the adder 32 are fed to a limiter 37 for limiting 
an overflow data portion of the data obtained by error data addition to the dot P' that exceeds the 8 bits, to output a R- 
signal. 

[0099] The error data addition to the dot P' per dot (A 1 , B\ C and D*) as described above means diffusion of the lower 
4-bit data of the dot P toward the surrounding dots A, B, C and D by multiplying the lower 4-bit data by the error diffusion 

30 coefficients 7/16, 3/16, 5/16 and 1/16, as shown in FIG. 14A. 

[0100] In the second embodiment shown in FIG. 1 3, the error diffusion coefficient for a G-error detector 33G of the 
G-error diffusion processor 30G is set at the same value for the R-error detector 33R of the R-error diffusion processor 
30R, however, the error diffusion coefficient for a B-error detector 33B of the B-error diffusion processor 30B is set at 
a value different from that for the detectors 33R and 33G. 

35 [0101] As shown in FIG. 14B, the lower 4-bit data of the dot P for the B-signal is diffused toward the surrounding 
dots A, B, C and D by multiplying the lower 4 bit-data by the error diffusion coefficients 9/16, 2/16, 4/16 and 1/16. 
[0102] As disclosed above, the R-, G- and B-error diffusion processors 30R, 30G and 30B perform error diffusion to 
the R-, G- and B-signals by using three error diffusion coefficients one of which is different from the other or ail of which 
are different from each other for the three signals composing a dot, to output a 12-bit data as an 8-bit data. All of or 

40 some the error diffusion coefficients to the surrounding dots A, B, C and D may be different from each other. 

[0103] In FIGS. 14A and 14B, the same error coefficient 1/16 is applied to the dot D, on the other hand, those for 
the dots A, B and C are different from each other. Difference in error coefficient is preferably small rather than large. 
[0104] As disclosed above, the second embodiment achieves displaying of images corresponding to 12 bits by the 
PDP 4 (FIG. 2) capable of B-bit displaying with visual integration. 

45 [0105] Moreover, the second embodiment achieves image displaying at a high quality with less image disturbances 
like periodical pattern noises peculiar to error diffusion even for displaying fixed pattern images by using error diffusion 
coefficients at least one of which is different from the other to the R-, G- and B-signals. 

[The Third Preferred Embodiment] 

50 

[0106] The third embodiment relates to error diffusion processing. The overall circuit configuration of a displaying 
apparatus used for the third embodiment is like shown in FIG. 2 for the first embodiment. 

[01 07] The difference between the first and third embodiments is that the latter uses three error diffusion coefficients 
at least one of which is different from the other in the number of bits used for error diffusion. 
55 [01 08] For example, only for a B-signal, the total three bits from the lower fourth bit to the lower second bit of a 1 2-bit 
digital signal are diffused to the upper 8 bits, to output an 8-bit digital signal. 

[0109] The feature of the third embodiment lies in that the number of bits used for error diffusion to either of input 
R-, G- and B-signals, or the number of bits to be diffused to the upper 8-bits for error diffusion to either of the input 
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signals is different from the other or all of the bits for error diffusion to the three input signals are different from each other. 
[0110] The circuit configuration for the third embodiment is the same as shown in FIG. 13 for the second embodiment; 
hence the operation of the third embodiment will be described with reference to FIG 1 3. 

[0111] In FIG. 13, a 12-bit R-signal fed by the reverse-gamma corrector 2 (FIG. 2) is output via the adders 31 and 
s 32. The lower 4 bits of the 12-bit data output by the adder 32 are fed to the R-error detector 33R. The lower 4 bits 
correspond to gradation difference that will be lost by converting the 12-bit digital signal (4096 gradations) to an 8-bit 
digital signal (256 gradations). 

[0112] The R-error detector 33R generates error data by multiplying the input lower 4-bit data by error diffusion 
coefficients, according to dots A', B\ C and D' that surround a dot P\ as shown in FIG. 15A. 

io [0113] In detail, the R-error detector 33R generates error data via its terminals "a", "b", "c" and "d", by multiplying 
the lower 4-bit data by the error diffusion coefficients 7/16, 3/16, 5/16 and 1/16, respectively. 
[0114] The error data output via the terminals ■a", "b*. and "c" and "d" are fed to the adder 32, the adder 35, and the 
adder 34, respectively. The adder 34 adds the error data from the terminals "c" and n d". The output of the adder 34 is 
fed to the adder 35 and added to the error data from the terminal "b". The addition result is fed to the line memory 36 

is by which the output of the adder 35 is delayed by a period slightly shorter than a period for one line and fed to the 
adder 31 . 

[0115] The output of the line memory 36 and the input R-signal are added by the adder 31 and fed to the adder 32. 
The input R-signal corresponds to the dot P' in FIG. 15A in this embodiment. The adder 31 performs addition of the 
output of the line memory 36 that is the error data generated one line ago to the to the dot P\ or B' x 3/16 + C x 5/1 6 
20 +D'x1/16. 

[0116] The output of the adder 31 is added by the adder 32 to the error data output by the R-error detector 33R via 
the terminals "a". The adder 32 performs addition of the output of the adder 31 and the error data A' x 7/1 6 generated 
by the error detector 33R one dot ago. 

[0117] As disclosed, error data generated by multiplying the dots A', B', C and D' by their respective error diffusion 
25 coefficients are added to the dot P' in FIG. 15 A. The next lower 4 bits of the output 12-bit data of the adder 32 are fed 
to the R-error detector 33R for repetition of the same processing described above. 

[0118] On the other hand, the upper 8 bits of the output 1 2-bit data of the adder 32 are fed to the limiter 37 for limiting 
an overflow data portion of the data obtained by error data addition to the dot P' that exceeds the 8 bits, to output an 
R-signal. 

30 [0119] The error data addition to the dot P' per dot (A', B', C and D') as described above means diffusion of the lower 
4-bit data of the dot P toward the surrounding dots A, B, C and D by multiplying the lower 4 bit-data by the error diffusion 
coefficients 7/16, 3/16, 5/16 and 1/16, as shown in FIG. 15A. 

[0120] In the third embodiment shown in FIG. 1 3, the number of bits of the error diffusion coefficient for the G-error 
detector 33G of the G-error diffusion processor 30G is set at the same value for the R-error detector 33R of the R- 
35 error diffusion processor 30R, however, the number of bits of the error diffusion coefficient for the B-error detector 33B 
of the B-error diffusion processor 30B is set at a value different from that for the detectors 33R and 33G. 
[0121] As shown in FIG. 1 5B, 3-bit data from the lower fourth bit to the lower second bit of the dot P for the B-signal 
is diffused toward the surrounding dots A, B, C and D by multiplying the 3-bit data by error diffusion coefficients 4/8, 
1/8, 2/8 and 1/8. 

40 [0122] The third embodiment performs error diffusion by using the three bits from the lower fourth bit to the lower 
second bit of the 1 2-bit B-signal. 

[01 23] However, not only this, error diffusion can be performed by outputting the 1 2-bit B-signal as an 1 1 -bit B-signal, 
or a 2048-gradation signal, from the reverse-gamma corrector 2 (FIG. 2) with the same reverse-gamma correction 
characteristics for the R- and G-signals, and multiplying the above error coefficients to the lower 3-bit data of the 1 1 -bit 

45 B-signal for diffusion toward the surrounding dots A to D. 

[0124] This error diffusion offers less ROM-capacity for reverse-gamma correction of a B-signal by a look-up table 
(LUT) using a read-only memory (ROM). Moreover, for one-bit reverse-gamma correction, this error diffusion offers 
only 3-bit circuitry for the B-error diffusion processor 3B t and also offers a 1 -bit less line memory (36) for one-line delay. 
[0125] As disclosed above, in the third embodiment, the R-, G-and B-error diffusion processors 30R, 30G and 30B 

50 perform error diffusion to the R-, G- and B-signals by using error diffusion coefficients the number of bits of one of 
which is different from the other or the number of bits of all of which are different from each other for the three signals 
composing a dot, to output a 1 2-bit data (11 -bit data for the B-signal) as an 8-bit data. All or some of the error diffusion 
coefficients to the surrounding dots A, B, C and C may be different from each other. 
[0126] Difference in the number of bits of the error coefficient is preferably small rather than large. 

55 [0127] As disclosed above, the third embodiment achieves displaying of images corresponding to 1 2 bits (11 bits for 
the B-signal) by the PDP 4 (FIG. 2) capable of 8-bit displaying with visual integration. 

[0128] Moreover, the third embodiment achieves image displaying at a high quality with less image disturbances like 
periodical pattern noises peculiar to error diffusion even for displaying fixed pattern images by using error diffusion 
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coefficients composed of different number of bits to the R-, G- and B-signals. 

[0129] In the third embodiment, the number of bits of the error diffusion coefficient for the B-signal is 3 bits, while 
that for the R- and G-signals is 4 bits. Such a number of bits is, however, not a must. 

[0130] This invention can use some of the lower bits (not all the lower bits) of a first number of bits, that is the 
5 difference between the first number of bits and a second number of bits, for error diffusion. The some of the lower bits 
are preferably from the most significant bit of the lower bits (the lower fourth bit in the third embodiment) to the continuous 
upper bits. 

[01 31 ] Moreover, the third embodiment uses 4 bits as the number of bits of the error diffusion to the R- and G-signals 
and the same error diffusion coefficient to the surrounding dots. 

10 [0132] Different diffusion coefficients can, however, be applied to the surrounding dots. One example is illustrated 
in FIGS. 16A, 16B and 16C. In detail, for the B-signal, the lower 4-bit data of the dot P is multiplied by 7/16, 3/16, 5/16 
and 1/16 for error diffusion to the surrounding dots A to D, as shown in FIG 16A; for the G-signal, the lower 4-bit data 
of the dot P is multiplied by 9/16, 2/16, 4/16 and 1/16 for error diffusion to the surrounding dots A to D, as shown in 
FIG 16B; and for the B-signal, the 3-bit data from the lower fourth bit to the lower second bit (or the lower 3-bit data 

is for 11 -bit reverse-gamma correction) of the dot P is multiplied by 4/8, 1/8, 2/8 and 1/8 for error diffusion to the sur- 
rounding dots A to D, as shown in FIG 16C. 

[01 33] As disclosed, in the third embodiment, the R-, G- and B-error diffusion processors 30R, 30G and 30B perform 
error diffusion to the R-, G- and B-signals by using error diffusion coefficients the number of bits of one of which is 
different from the other or the number of bits of all of which are different from each other for the three signals composing 

20 a dot, to output a 1 2-bit or an 11 -bit data as an 8-bit data. 

[01 34] For the surrounding dots A to D, all or some of the error diffusion coefficients can be different from each other. 
FIGS. 16A and 16B use the same error diffusion coefficient 1/16 to the surrounding dot D, while different diffusion 
coefficients to the surrounding dots A to C. The difference in diffusion coefficient is preferably small rather than large. 
[0135] As disclosed, the third embodiment achieves less image disturbances like periodical pattern noises peculiar 

25 to error diffusion even for displaying fixed pattern images by using error diffusion coefficients, the number of bits thereof 
for at least one of the R-, G- and B-signals is different from the other. The third embodiment also achieves circuitry- 
saving for the reverse-gamma correction and error diffusion processing. 

[The Fourth preferred Embodiment] 

30 

[0136] The fourth embodiment relates to a displaying apparatus having a reverse-gamma corrector and an error 
diffusion processor. This embodiment also uses a PDP as a matrix-type displaying device capable of displaying images 
only at a digitally-limited number of gradation levels. Not only a PDP, the present invention can use other types of 
image displaying apparatus, such as, those already introduced. 
35 [0137] In FIG. 17, R-, G-and B-signals are fed to the video signal processor 1 . The processor 1 processes the video 
signals by several video processing. The R-, G- and B- signals in this embodiment are 8-bit digital signals, or video 
signals of 256 gradation levels. 

[0138] The processed R-, G-, and B-signals are fed to a R-reverse-gamma corrector 200R, a G-reverse-gamma 
corrector 200G and a B-reverse-gamma corrector 200 B, respectively, of a reverse-gamma corrector 200, for applying 
40 reverse-gamma correction. The corrector 200 outputs 12-bit R-, G- and B-digital signals, or video signals of 496 gra- 
dation levels, based on the input 8-bit digital signals to keep gradation levels which would otherwise be depressed due 
to the reverse-gamma correction. All the reverse-gamma correction characteristics applied to the R-, G- and B-signal 
may be the same or different from each other. 

[0139] The output R-, G-, and B-signals of the reverse-gamma corrector 200 are fed to R-, G- and B-error diffusion 
45 processors 300R, 300G and 300B, respectively, of an error diffusion processor 300. Each error diffusion processor in 
this embodiment processes the 1 2-bit digital signal so that the lower 4 bits of the 12 bits with a constant weighting are 
diffused into the upper 8 bits of the 12 bits, to output an 8-bit digital signal. 

[0140] A switching (SW) signal is supplied to the R-, G- and B-reverse-gamma correctors 200R, 200G and 200B to 
turn on or off the error diffusion by the R-, G- and B-error diffusion processors 300R, 300G and 300B to the R-, G- and 
50 B-signals, and switching the reverse-gamma correction characteristics according to the switch-on or -off of the error 
diffusion. 

[0141] As disclosed later, a specific reverse-gamma correction processing of the invention halts the error diffusion 
processing. 

[0142] As depicted by the dotted line, switch-on or -off of the error diffusion can be performed by the same switching 
55 signal also supplied to the R-, G- and B-error diffusion processors 300R, 300G and 300B. 

[0143] The feature of the fourth embodiment lies in that the reverse-gamma correction characteristics of the R-, G- 
and B-reverse-gamma correctors 200R, 200G and 200B are changed according to the switch-on or -off of the error 
diffusion by the R-, G- and B-error diffusion processors 300R, 300G and 300B. 
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[0144] The R-, G- and B-signals processed by or not processed by the R-, G- and B-error diffusion processors 300R, 
300G and 300B for error diffusion are fed to the PDP 4 for sub-filed processing to display images of R-, G- and B- 
signals on a screen. 

[0145] Shown in FIG. 18 is a block diagram of the R-, G- and B-reverse-gamma correctors 200R, 200G and 200B 

s having the same circuitry. 

[0146] The 8-bit R (G or B)-signal from the video processor 1 (FIG. 1 7) is fed to reverse-gamma correction units 210 
and 220. Each unit is a microcomputer having a ROM that stores a reverse-gamma conversion table. 
[0147] The reverse-gamma correction unit 210 applies 12-bit reverse-gamma correction to the 8-bit R(G or B)-signal 
to output a 12-bit R(G or B)-signal. The 12-bit R(G or B)-signal is then fed to a selector 230 via a terminal "a\ 

10 [0148] The reverse-gamma correction unit 220 applies 8-bit reverse-gamma correction to the 8-bit R(G or B)-signal 
to output an 8-bit R(G or B)-signal. A bit data "0000" is added to the 8-bit R(G or B)-signal as the lower 4 bits to output 
a 12-bit R(G or B)-signal. This 12-bit R(G or B)-signal is fed to the selector 230 via a terminal "b B . 
[0149] The reverse-gamma correction unit 210 applies reverse-gamma correction with an optimum characteristics 
to the R(G or B)-signal when the error diffusion is performed by the error diffusion processor 300. On the other hand, 

f5 the reverse-gamma correction unit 220 applies reverse-gamma correction with an optimum characteristics to the R(G 
or B)-signal when the error diffusion is not performed. 

[0150] The characteristics of the reverse-gamma correction performed by the units 210 and 220 are different from 
each other as represented by the curves I and II, respectively, shown in FIG. 19. In the figure, the abscissa and ordinate 
represent input and output gradation levels V and L, respectively. 
20 [0151] As illustrated in FIG. 19, the characteristics II for the reverse-gamma correction unit 220 exhibits a large 
variation of the output gradation level L to the input gradation level V in the low gradation range Vlowfrom the gradation 
level zero (black level) to a predetermined level, compared to the characteristics I for the reverse-gamma correction 
unit 210. 

[0152] The curves are shown in FIG. 19 for the characteristics I and II. However, each curve can be approximated 
25 by a linear function (straight line) from the gradation level zero to a specific level, followed by a curve. The variation in 
the low gradation range Vlow corresponds to the gradient from the gradation level zero to the point of inflection of the 
linear function and the curve. 

[0153] This reverse-gamma correction characteristics setting achieves image displaying with a high quality in spit of 
error diffusion processing. This is because the gradation levels will not be lost so much in the low gradation range Vlow 
so by the characteristics setting even no error diffusion is applied, thus avoiding images of discontinuous gradation levels 
in which some bits have been dropped. 

[0154] The application of the characteristics II also to the reverse-gamma correction unit 21 0 when the error diffusion 
is performed is of no use. 

[01 55] As discussed above, it is very important for the reverse-gamma correctors 200R, 200G and 200B to have the 
35 different reverse-gamma correction characteristics according to whether the error diffusion is performed by the R-, G- 
and B-error diffusion processors 300R, 300G and 300B. 

[0156] In FIG. 18, the switching signal is supplied to the selector 230 for selection of the terminal "a" when the 
switching signal is T representing that error diffusion will be performed; while the terminal "b" when the switching 
signal is B 0" representing that error diffusion will not be performed. 
40 [01 57] Error diffusion processing is required for displaying images based on television signals; while it is not required 
for displaying images based on signals from personal computer or fixed patter signals. 

[0158] The R(G or B)-signal output by the selector 230 is fed to the R(G or B)-error diffusion processor 300R (300G 
or 300B). The selector 230 operates as a switch to switch the reverse-gamma correction characteristics of the reverse- 
gamma corrector 200R (200G or 200B) according to whether error diffusion processing is performed. 
45 [0159] Shown in FIG. 20 is a block diagram of the R-, G- and B-error diffusion processors 300R, 300G and 300B 
having the same circuitry. 

[0160] The 12-bit R(G or B)-signal from the R(G or B)-reverse-gamma corrector 200R(200G or 200B) is output via 
adders 31a and 32a. 

[0161] The lower 4 bits of the 12-bit data output by the adder 32a is fed to an error detector 33a. The lower 4 bits 
50 correspond to the gradation difference that will be lost by converting the 12-bit digital signal (4096 gradations) into an 
8-bit digital signal (256 gradations). 

[0162] The error detector 33a multiplies the lower 4-bit data by error diffusion coefficients 7/16, 3/16, 5/16 and 1/16 
according to dots A' to D\ respectively, that surround a dot P\ as shown in FIG. 21 , to output error data via terminals 
"a" to "d", in this embodiment. 

55 [0163] The error data output via the terminals "a", a b", and "c* and "d" are fed to the adder 32a, an adder 35a, and 
an adder 34a, respectively. The adder 34a adds the error data from the terminals "d" and "c B . The output of the adder 
34a is fed to the adder 35a and added to the error data from the terminal "b". The addition result is fed to a line memory 
360a by which the output of the adder 350 is delayed by a period slightly shorter than a period for one line and fed to 
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the adder 310a. 

[0164] The output of the line memory 360a and the input R(G or B)-signal are added by the adder 31a and fed to 
the adder 32a. The input R(G or B)-signal corresponds to the dot P' in FIG. 21 in this embodiment The adder 31a 
performs addition of the output of the line memory 36a that is the error data generated one line ago to the to the dot 
5 P\ or B' x 3/16 + C'x 5/16 + D' x 1/16. 

[01 65] The output of the adder 31 a is added by the adder 32a to the error data output by the error detector 33a via 
the terminals "a". The adder 32a performs addition of the output of the adder 31 a and the error data A' x 7/1 6 generated 
by the error detector 33a one dot ago. 

[0166] As disclosed, error data generated by multiplying the dots A', B\ C* and D" by their respective error diffusion 
10 coefficients are added to the dot P' in FIG. 21 . The next lower 4 bits of the output 12-bit data of the adder 32a are fed 
to the error detector 33a for repetition of the same processing described above. 

[01 67] On the other hand, the upper 8 bits of the output 1 2-bit data of the adder 32a are fed to a iimiter 37a for limiting 
an overflow data portion of the data obtained by error data addition to the dot P' that exceeds the 8 bits, to output a R 
(G or B)-signal. 

is [01 68] The error data addition to the dot P' per dot (A\ B\ C and D') as described above means diffusion of the data 
of the dot P' toward the surrounding dots A, B, C and D by multiplying the lower 4 bit<iata of the dot P* by the error 
diffusion coefficients 7/16, 3/16, 5/16 and 1/16, as shown in FIG. 21. 

[0169] As disclosed, the R-, G- and B-error diffusion processor 300R, 300G, 300B apply error diffusion to the R-, G- 
and B-signals, respectively, at the pixel composed of the three dots of the R-, G- and B-signals, to output the 12-bit 
20 data as the 8-bit data. 

[01 70] When the selector 230 (FIG. 1 8) selects the output of the reverse-gamma correction unit 220, the lower 4 bits 
of each of the 1 2-bit R-, G- and B-signals are all "0000", as already described, so that the error data output by the error 
detector 33a (FIG. 20) is zero. This indicates that all the error diffusion processors 300R, 300G and 300B are out of 
operation. 

25 [0171] In the fourth embodiment, the reverse-gamma corrector 200 having the R-, G- and B-reverse-gamma correc- 
tors 200R, 200G and 200B performs 8-bit reverse-gamma correction to add the lower 4 bits "0000° to its output for 
producing a 12-bit signal, and selecting the output of the reverse-gamma correction unit 220 for no performance of 
error diffusion processing by the error diffusion processor 300. 

[0172] As disclosed, according to the fourth embodiment, the selector 230 (FIG. 18) installed in each of the R-, G- 
30 and B-reverse-gamma correctors 200R, 200G and 200B operates as the first switch to turn on or off error diffusion 
(multi-gradation processing) to be performed by the R-, G- and B-error diffusion processors 300R, 300G and 300B. 
[0173] Moreover, the selector 230 operates as the second switch for switching the reverse-gamma correction char- 
acteristics for the R-, G- and B-reverse-gamma correctors 200R, 200G and 200B between the first state in which error 
diffusion is required and the second state in which error diffusion is not required. 
35 [0174] In other words, the selector 230 acts as both the first and the second switches. However, the first and the 
second switches can be separately provided. 

[0175] In FIG. 18, the reverse-gamma correction unit 220 performs 8-bit reverse-gamma correction, with addition of 
the lower bits "0000" to its output for producing a 12-bit signal. However, the same as the reverse-gamma correction 
unit 210, the unit 220 may perform 12-bit reverse-gamma correction, with replacement of the lower 4 bits with "0000" 

40 generated in the unit 220 or supplied by another circuitry. 

[0176] In either way, a signal processing to produce a 12-bit signal having "0000" for the lower 4 bits before being 
fed to the R-, G- and B-error diffusion processors 300R, 300G and 300B is a simple way to turn off these processors. 
[01 77] For another modification, a 1 2-bit signal can be fed to the R-, G- and B-error diffusion processors 300R, 300G 
and 300B, as it is with no signal processing to produce a 1 2-bit signal having "0000" for the lower 4 bits. 

45 [0178] This is achieved in FIG. 20 in which the switching signal described above is supplied to the error detector 33a 
as indicated by the dotted-line to force the detector 33a to output the data zero when the switching signal is "0" indicating 
that no error diffusion is required. In this case, the error detector 33a acts as the first switch to turn on or off error 
diffusion as discussed above. 

[0179] As disclosed above, the fourth embodiment achieves displaying of images with a high quality in spite of input 
50 signals, such as, television signals to which error diffusion is required, and signals from personal computers or fixed 
pattern signals to which no error diffusion is required, with application of reverse-gamma correction optimum to each 
signal. 

[0180] Moreover, the fourth embodiment can turn off the R-, G-and B-error diffusion processors 300R, 300G and 
300B with the data "0000" for the lower 4 bits of the signal input thereto and used for error diffusion to the R-, G- and 
55 B-signals. 

[0181] As disclosed above, the fourth embodiment is provided with the first switch to turn on or off multi-gradation 
processing by an error diffusion processor and the second switch to switch the reverse-gamma correction character- 
istics of a reverse-gamma corrector between the first state in which multi-gradation processing is required by an error 
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diffusion processor and the second state in which no mufti -gradation processing is required. 
[0182] Accordingly, the fourth embodiment will not lose gradation levels so much in the low gradation range for the 
state in which multi-gradation processing is not required. Thus, no images of discontinuous gradation levels with bits 
having been dropped will be reproduced. The fourth embodiment achieves displaying of images with a high quality in 
5 spite of multi-gradation processing using error diffusion. 

[0183] Furthermore, the fourth embodiment turns off the R-, G-and B-error diffusion processors 300R, 300G and 
300B with the data '0000° for the lower 4 bits of the signal input thereto and used for error diffusion to the R-, G- and 
B-signals. 

[0184] The fourth embodiment also forces the error detector of each of the R-, G- and B-error diffusion processors 
10 300R, 300G and 300B to output the error data zero for no performance of error diffusion processing. 

[0185] The fourth embodiment thus achieves no operation of error diffusion processing by a simple way with no 
increase in circuit components. 

[The Fifth Preferred Embodiment] 

75 

[0186] The fifth embodiment relates to a displaying apparatus having a reverse-gamma corrector, and also a dis- 
playing apparatus having a reverse-gamma corrector and an error diffusion processor. 

[0187] This embodiment uses a PDP as a matrix-type displaying device capable of displaying images only at a 
digitally-limited number of gradation levels. Not only a PDP, the present invention can use other types of image dis- 
20 playing apparatus, such as, those already introduced. 

[0188] In FIG. 22, R-, G- and B-video signals are fed to the video signal processor 1 . The R-, G- and B-video signals 
in this embodiment are 8-bit digital signals, or video signals of 256 gradation levels. 

[0189] The processed video signals are fed to a reverse-gamma corrector 201 having a R-, G- and B-reverse-gamma 
correctors 201 R, 201 G and 201 B for applying the reverse-gamma correction. The corrector 201 in this embodiment 
25 outputs a 12- or an 11 -bit digital signal, or video signals of 4096 or 2048 gradation levels based on each input 8-bit 
digital signal to keep gradation levels which would otherwise be depressed due to the reverse-gamma correction. 
[0190] The reverse-gamma correction characteristics for the R-, G- and B- signals may be the same or different from 
each other according to the characteristics of the PDP 4. 

[0191] The output R-, G-, and B-signals of the reverse-gamma corrector 201 R, 201 G and 201 B are fed to R-, G- and 
30 B-error diffusion processors 301 R, 301 G and 301 B, respectively, of an error diffusion processors 301 . 

[0192] The processors 301 R, 301 G and 301 B perform error diffusion processing to the R-, G-, and B-signals, re- 
spectively, for a 12-bit digital signal, to apply a constant weighting to the lower 4 bits of the 12 bits for diffusion to the 
upper 8 bits, thus outputting an 8-bit digital signal, while, for an 11 -bit digital signal, to apply a constant weighting to 
the lower 3 bits of the 11 bits for diffusion to the upper 8 bits, thus outputting an B-bit digital signal. 
35 [0193] A switching (SW) signal is supplied to the R-, G- and B-reverse-gamma correctors 201 R, 201 G and 201 B for 
switching two types of reverse-gamma correction characteristics in this embodiment. One of the characteristics is used 
to output an 8-bit digital signal as a 12-bit digital signal. The other is used to output an 8-bit digital signal as an 11 -bit 
digital signal. This switching operation is one of the features of the fifth embodiment. 

[0194] The switching signal is further used to switch the operation of the R- ( G- and B-error diffusion processors 
40 301 R, 301Gand301B. 

[0195] In this embodiment, switching of reverse-gamma correction characteristics and of error diffusion work with 
each other, which is another feature of the fifth embodiment. 

[0196] Still another feature of the fifth embodiment is optimization of the relationship between the reverse-gamma 
correction characteristics of the R-, G- and B-reverse-gamma correctors 201 R, 201 G and 201 B and the resolution of 
45 the R-, G-and B-error diffusion processors 301 R, 301 G and 301 B, which will be discussed later. 

[0197] The R-, G- and B-signals that have been applied error diffusion by the R-, G- and B-error diffusion processors 
301 R, 301 G and 301 B are fed to the PDP 4 for displaying images of the R-, G- and B-signals with sub-field processing. 
[0198] Shown in FIG. 23 is a block diagram of the R-, G- and B-reverse-gamma correctors 201R, 201G and 201 B 
having the same circuitry. 

so [0199] The output 8-bit R(G or B)-signal of the video processor 1 (FIG. 22) is fed to reverse-gamma correction units 
210a and 220a. Each unit is a microcomputer having a ROM that stores a reverse-gamma conversion table. 
[0200] The reverse-gamma correction unit 210a applies 12-bit reverse-gamma correction to the 8-bit R(G or B)- 
signal to output a 1 2-bit R(G or B)-signal. The 1 2-bit R(G or B)-signal is then fed to a selector 230a via a terminal ■a". 
[0201] The reverse-gamma correction unit 220a applies 11 -bit reverse-gamma correction to the 8-bit R(G or B)-signal 

55 to output an 11 -bit R(G or B)-signal. This 1 1 -bit R(G or B)-signal is fed to the selector 230a via a terminal "b\ 

[0202] The reverse-gamma correction characteristics of the reverse-gamma correction unit 210a exhibits a small 
gradient at the straight line portion of the low gradation range. On the other hand, the reverse-gamma correction char- 
acteristics of the reverse-gamma correction unit 220a exhibits a large gradient at the straight line portion of the low 
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gradation range. 

[0203] In detail, the reverse-gamma correction characteristics of the reverse-gamma correction units 21 0a and 220a 
are different from each other as shown in FIG. 24. 

[0204] FIG. 24 represents the reverse-gamma correction characteristics exhibiting the relationship between the input 
gradation level V (abscissa) and the output gradation level L(ordinate). 

[0205] The characteristics curve I exhibits a small gradient at the straight line portion of the low gradation range for 
the reverse-gamma correction unit 210a. 

[0206] The characteristics curve II exhibits a large gradient at the straight line portion of the low gradation range for 
the reverse-gamma correction unit 220a. 

[0207] In detail, the characteristics curve I has the straight line portion a1 from the gradation level zero (black level) 
to a predetermined gradation level. The straight line portion a 1 is followed by the curve portion pi at the point of 
inflection P1 . 

[0208] The characteristics curve II has the straight line portion o2 from the gradation level zero (black level) to a 
predetermined gradation level. The straight line portion a2 is followed by the curve portion p2 at the point of inflection P2. 
[0209] The characteristics curves I and II are connected to each other at the maximum gradation level n q°. 
[0210] FIG. 24 is exaggerated for visually easy understanding of each characteristics curve that is composed of the 
straight line portion and the curve portion connected to each other. 

[0211] The followings can been seen from FIG. 24 when the characteristics curves I and II are compared: 

[0212] The gradient of the straight line portion o2 of the characteristics II is larger than that of the straight line portion 

a1 of the characteristics I. 

[0213] The length of the straight line portion cc2 from the gradation level zero (input gradation V) to the point of 
inflection P2 is shorter than that of the straight line portion a1 from the gradation level zero (input gradation V) to the 
point of inflection P1 . 

[0214] The lengths of the straight line portions a1 and o2 are different as above because the curve portions pi and 
j}2 have been formed by rotating a parabolic curve around the point °q" as the center and connecting it to the straight 
line portions a1 and a2. The curve portions pi and p2 are thus the same as each other. However, they may be different 
from each other; on the other hand, the lengths of the straight line portions al and o2 may be the same as each other. 
[0215] The straight line portions <x1 and o2, and the curve portions pi and p2 are connected as being bent at the 
points of inflection P1 and P2, respectively, as shown in FIG. 24. 

[0216] It is, however, preferable that they are connected as continuously, or the differential values (gradients) at the 
points of inflection P1 and P2 are equal to each other. 

[0217] As shown, since the gradients are different, the reverse-gamma correction characteristics curves are different 
from each other. 

[0218] One of the characteristics curves I or II is preferably expressed as follows: 

L = V/4.0(V<0.0913) (1a) 



L = {(V + 0. 1 1 1 5)/1 . 1 1 1 5} 1/ ° 45 (V ^ 0.091 3) (1 b) 

[0219] The expressions (1 a) and (1 b) are obtained by normalizing the maximum gradation with 1 when the input and 
output gradations levels are V and L, respectively. 

[0220] The expression (1a) expresses the straight line portions ct1 and a2 from the gradation level zero to predeter- 
mined gradation levels. The expression (1b) expresses the curve portions pi and P2 connected to the straight line 
portions <x1 and ct2, respectively. 

[0221] The gradient 1A of the straight line portions ct1 and a2 is 1/4.0, and the connecting point "0.0913" of the 
expressions (1a) and (1b) is the point of inflection. 

[0222] The characteristics curves I and II may be different from those expressed by the expressions (1a) and (1b). 
The reverse-gamma correction characteristics for the reverse-gamma correction units 210a and 220a (FIG. 23) pref- 
erably accurately regain video signals that have been applied the gamma correction at the transmission side. This is, 
however, not a must. 

[0223] In FIG. 23, the switching signal discussed above is supplied to the selector 230a for selection of the terminal 
"a" when the switching signal is "1 ", while the terminal "b" when the switching signal is "0", to switch the reverse-gamma 
correction characteristics. 

[0224] Two types of the reverse-gamma correction characteristics (or more than two) provide images of an optimum 
quality displayed on the PDP 4 by switching the characteristics in response to input signals (television signals or signals 
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from personal computers) according to the input gamma correction characteristics, formats (scanning types), horizontal 
and vertical frequencies, resolutions, image patterns (contents), viewer's need, and so on. 

[0225] A 1 2- or an 1 1 -bit R(G or G)-signal output by the selector 230a (FIG. 23) is fed to the R(G or B)-error diffusion 
processor 301 R (301 G or 301 B). The selector 230a acts as the switch to switch the reverse-gamma correction char- 
acteristics of the R (G or B)-reverse-gamma corrector 201 R(201G or 201 B) shown in FIG. 22. In the fifth embodiment, 
the gradients of the straight line portions of the reverse-gamma correction characteristics composed of the straight line 
and curve portions is switched, for effective switching of images displayed on the PDP 4. 

[0226] Shown in FIG. 25 is a block diagram of the R-, G- and B-error diffusion processors 301 R, 301 G and 301 B 
having the same circuitry. 

[0227] The 12- or an 11 -bit R(G or G)-signal input by the R(G or B)-reverse-gamma corrector 201 R(201G or 201 B) 
shown in FIG. 22 is output via adders 31 b and 32b. 

[0228] When the 12-bit R(G or G)-signal is input, or the terminal "a" of the selector 230a (FIG. 23) is selected, the 
lower 4 bits of the 1 2-bit data output by the adder 32b are fed to an error detector 331 . The lower 4 bits correspond to 
the gradation difference that will be lost by converting the 12-bit digital signal (4096 gradations) to an 8-bit digital signal 
(256 gradations). The error detector 331 generates error data by multiplying the input lower 4-bit data by error diffusion 
coefficients, according to dots A', B\ C and D' that surround a dot P\ as shown in FIG. 26A. 
[0229] On the other hand, when the 11 -bit R(G or G)-signal is input, or the terminal "b" of the selector 230a (FIG. 
23) is selected, the lower 3 bits of the 11 -bit data output by the adder 32b are fed to an error detector 332. The lower 
3 bits correspond to the gradation difference that will be lost by converting the 11 -bit digital signal (2048 gradations) 
to an 8-bit digital signal (256 gradations). The error detector 332 generates error data by multiplying the input lower 
4-bit data by error diffusion coefficients, according to dots A', B\ C and D' that surround a dot P\ as shown in FIG. 26B. 
[0230] The switching signal discussed above is supplied to each terminal "e" of the error detectors 331 and 332. The 
error detector 331 operates when the switching signal is °1 while the error detector 332 operates when the switching 
signal is M 0". In other words, the error detectors 331 and 332 do not operate at the same time. In detail, the error detector 
331 operates when the selector 230a (FIG. 23) selects the output of the reverse-gamma correction unit 210a, while 
the error detector 332 operates when the selector 230a selects the output of the reverse-gamma correction unit 220a. 
The error detectors 331 and 332 act as the switch to switch the number of lower bits used for error diffusion. 
[0231] Explanation of the error detector 331 is given first. 

[0232] The error detector 331 generates error data via its terminals "a", "b", "c" and "d B , by multiplying the lower 4-bit 
data by the error diffusion coefficients 7/16, 3/16, 5/16 and 1/16, respectively, as shown in FIG. 26 A. 
[0233] The error data output via the terminals "a", "b 1 , and "c" and "d B are fed to an adder 32b, an adder 35b, and 
an adder 34b, respectively. The adder 34b adds the error data from the terminals "d" and "c". The output of the adder 
34b is fed to the adder 35b and added to the error data from the terminal "b". The addition result is fed to a line memory 
36b by which the output of the adder 35b is delayed by a period slightly shorter than a period for one line and fed to 
an adder 31b. 

[0234] The output of the line memory 36b and the input R(G or B)-signal are added by the adder 31 b and fed to the 
adder 32b. The input R(G or B)-signal corresponds to the dot P' in FIG. 26 A in this embodiment. The adder 31 b performs 
addition of the output of the line memory 36b that is the error data generated one line ago to the dot P\ or B' x 3/16 + 
C x 5/16 + D'x 1/16. 

[0235] The output of the adder 31 b is added by the adder 32b to the error data output from the error detector 331 
via the terminals ■a". The adder 32b performs addition of the output of the adder 31b and the error data A' x 7/16 
generated by the error detector 331 one dot ago. 

[0236] As disclosed, error data generated by multiplying the dots A', B', C and D' by their respective error diffusion 
coefficients are added to the dot P' in FIG. 26A. The next lower 4 bits of the output 12-bit data of the adder 32b are 
fed to the error detector 331 for repetition of the same processing described above. 

[0237] On the other hand, the upper 8 bits of the output 1 2-bit data of the adder 32b are fed to a limiter 37b for limiting 
an overflow data portion of the data that is obtained by error data addition to the dot P that exceeds the 8 bits, to output 
a R(G or B)-signal. 

[0238] The error data addition to the dot P' per dot (A\ B\ C and D*) as described above means diffusion of the lower 
4-bit data of the dot P toward the surrounding dots A, B, C and D by multiplying the lower 4 bit-data by the error diffusion 
coefficients 7/16, 3/16, 5/16 and 1/16, as shown in FIG. 26A. 

[0239] As disclosed, the error diffusion processor 301 R(301G or 301 B) performs error diffusion at a pixel composed 
of three dots of R-, G- and B-signals, to output a 12-bit data as an 8-bit data. 
[0240] Next, explanation of the error detector 332 is given. 

[0241] The error detector 332 generates error data via its terminals "a", "b", "c" and "d", by multiplying the lower 3-bit 
data by the error diffusion coefficients 4/8, 1/8, 2/8 and 1/8, respectively, as shown in FIG. 26B. 
[0242] The operation of the adders 31 b, 32b, 34b and 35b and the line memory 36b are the same as those explained 
for the error detector 331 . 



17 



EP 1 083 539 A2 

[0243] The adder 31 b performs addition of the output of the line memory 36b, the error data generated one line ago, 
or B' x 1/8 + C x 2/8 + D' x 1/8 to the dot P' shown in FIG. 26B. 

[0244] The adder 32b performs addition of the error data generated further one dot ago, or A x 4/18, to the output 
of the adder 31b that has performed addition of error data generated one line ago to the dot P' shown in FIG. 26B. 
[0245] As disclosed, the error data obtained by multiplying the surrounding dots A' to D' by respective error coeffi- 
cients is added to the dot P' shown in FIG. 26B. 

[0246] The next lower 3 bits of the output 11-bit data of the adder 32b are led to the error detector 332 for repetition 
of the same processing described above. , . , ,. » «„ P 

r0247] On the other hand, the upper 8 bits of the output 11-bit data of the adder 32b are fed to the lirniter 37b for 
Mmiting an overflow data portion of the data obtained by error data addition to the dot P that exceeds the 8 brts, to 

r0248] 3 The erro! data addition to the dot P per dot (A, B\ C and D') as described above means diffusion of the lower 
3-bit data of the dot P toward the surrounding dots A, B, C and D by multiplying the lower 3 biWata by the error drff usion 
coefficients 4/8, 1/8, 2/8 and 1/8, as shown in FIG. 26B. 

[0249] As disclosed, the error diffusion processor 301 R(301 G or 301 B) performs error diffusion at a pixel composed 
of three dots of R-, G- and B-signals, to output an 1 1 -bit data as an 8-bit data. 

[0250] As discussed above, when the R-, G- and B- reverse-gamma correctors 201 R, 201 G and 201 B (FIG. 22) 
select the characteristics I (FIG. 24), the correctors perform 12-bit reverse-gamma correction to , 8-brt : R- •, G- and B- 
signals to set the resolution of the R-, G- and B-error diffusion processors 301 R, 301 G and 301 B (FIG. 22) at 4 bits 
(the number of lower bits used for error diffusion). , , 

0251] On the other hand, when the R-, G- and B- reverse-gamma correctors 201 R, 201 G and 201 B select the 
characteristics II (FIG. 24), the correctors perform 11-bit reverse-gamma correction to 8-brt R-, G- and B-signals to set 
the resolution of the R-, G-and B-error diffusion processors 301R, 301G and 301B (FIG. 22) at 3 bits (the number of 
lower bits used for error diffusion). 
r02521 The reason for these operations is as follows: 

0253 Suppose that the resolution of the R-, G- and B-error diffusion processors 301 R, 301 G and 301 B is small for 
a small gradient of a straight line portion of the reverse-gamma correction characteristics, such as, the straight line 
portion al of the characteristics I (FIG. 24). 

[0254] This causes generation of a small data amount to be diffused to surrounding dots with no smooth gradation 
change thus reproducing images of discontinuous gradation levels in which some bits have been dropped. 
[0255] For such cases, the R-, G- and B-error diffusion processors 301 R, 301G and 301 B require a certain number 
of brts as the resolution. . 

[0256] On the other hand, suppose that the resolution of the R-, G- and B-error diffusion processors 301 R, 301 G 
and 301 B is large for a large gradient of a straight line portion of the reverse-gamma correction characteristics, such 
as, the straight line portion o2 of the characteristics II (FIG. 24). 

[0257] This causes unnecessarily large resolution given to the R-, G- and B-error diffusion processors 301 R, 301 G 
and 301 B, resulting waste of performance of the processors. 

[0258] It is necessary that, the smaller the gradient of the straighl line portion of the reverse-gamma correction 
characteristics, the larger the resolution of the R-, G- and B-error diffusion processors 301 R, 301 G and 301 B. while 
the larger the gradient of the straight line portion, the smaller the resolution of the diffusion processors. 
[0259] The straight line portion of the reverse-gamma correction characteristics and the resolution of the R-, G- and 
B-error diffusion processors 301 R, 301 G and 301 B are preferably set as follows: 

[0260] The gradient of the straight line portion of the reverse-gamma correction characteristics is set as 1/t (1 A > 0, 
t a 1) The sign t" is not necessarily an integer. The resolution of the R-, G- and B-error diffusion processors 301 R, 
301 G and 301 B is set at 1/2". The sign V represents the number of lower bits used for error diffusion processing. 
[0261] The larger the V, the larger the V, while the smaller the V, the smaller the "n". In other words, V is selected 
to satisfy the expression (2) according to t" as the denominator of gradient 1/t. 

t = 2 n (2) 

[0262] According to the expression (2), n = 0 ff t = 1 , n = 1 if 1 = 2, and n = 2 if t = 4. When V is an integer, the V 
can be set as the lower bits used for error diffusion processing. On the other hand, if "n" is a decimal number, the 
integer obtained by rounding down the decimal places can be sel as the lower bits used for error diffusion processing. 
[0263] The relationship between Y and "n" is as follows: 

t= 1 ->n = 0 
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t = 2->n= 1 
t=3,4->n = 2 
t = 5~8-»n = 3 

[0264] The 1" - "n" settings as discussed above offer an optimum relationship between the reverse-gamma correction 
characteristics of the R(G or B) reverse-gamma correctors 201 R, 201 G and 201 B and the resolution of the R-, G- and 
B-error diffusion processors 301 R, 301 G and 301 B shown in FIG. 22, thus reproducing images of a high quality with 
no waste of circuit performance (the number of lower bits used for error diffusion processing). 
[0265] As disclosed above, the displaying apparatus as the fifth embodiment is provided with a plurality of the reverse- 
gamma correction characteristics each of which is composed of a straight line portion from the input gradation level 
zero to a predetermined input gradation level and a curve portion connected to the straight portion at the predetermined 
input gradation level, the gradients of the straight line portion being different according to the characteristics. 
[0266] The plurality of the reverse-gamma correction characteristics are switched according to input signals, thus 
achieving effective image changing on screen. 

[0267] Moreover, in working with switching of the reverse-gamma correction characteristics, the fifth embodiment is 
provided with switching of the number of lower bits used for error diffusion, which offers error diffusion optimum to the 
switched reverse-gamma correction characteristics. 

[0268] Furthermore, the fifth embodiment is provided with the relationship between the reverse-gamma correction 
characteristics and the error diffusion as t = 2 n where the gradient of the straight line portion of the reverse-gamma 
correction characteristics in the low gradation level range is 1/t (t ^ 1 ), and the number of the lower bits used for error 
diffusion is "n - (the decimal places of "n" being rounded down if not an integer), thus offering an optimum relationship 
between the reverse-gamma correction characteristics and the resolution for error diffusion for reproduction of images 
of a high quality with no waste of circuit performance for error diffusion. 



Claims 

1. A video signal processing apparatus to process an input video signal for displaying an image based on the video 
signal comprising: 

a detector to detect a gradation level of the input video signal; and 

a processor to depress a color saturation level of the input video signal in a predetermined color saturation 
level range only when the detected gradation level is located in a predetermined gradation level range. 

2. The apparatus according to claim 1 , wherein the detector includes a generator to generate a control signal when 
the detected gradation level is located in the predetermined gradation level range, a level of the control signal 
varying according to the detected gradation level, the processor depressing the color saturation level of the input 
video signal in response to the control signal. 

3. The apparatus according to claim 2, wherein the smaller the detected gradation level in the predetermined gradation 
level range from the level zero to a first predetermined gradation level, the larger the level of the control signal, 
the larger the detected gradation level in the predetermined gradation level range from the first predetermined 
gradation level to a second predetermined gradation level that is larger than the first gradation level, the larger the 
level of the control signal, and the smaller the detected gradation level in the predetermined gradation level range 
from the second predetermined gradation level to a third predetermined gradation level that is larger than the 
second gradation level, the larger the level of the control signal. 

4. The apparatus according to claim 2, wherein the processor includes: 

a generator to generate a color saturation depression amount according to the level of the control signal; and 
a subtractor to subtract the color saturation depression amount from the input video to depress the color 
saturation level of the input video signal according to the level of the control signal. 

5. The apparatus according to claim 4, wherein the larger the level of the control signal from the level zero to a 
predetermined control signal level, the larger the color saturation depression amount, while larger the level of the 
control signal from the predetermined control signal level to a predetermined maximum control signal level, the 
smaller the color saturation depression amount. 
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6. An apparatus for converting a first input video signal having a first gradation level into a second video signal having 
a second gradation level that is lower than first gradation level, for displaying an image based on the input video 
signal comprising: 

5 a generator to generate error data in response to a data portion of the first input video signal, the data portion 

corresponding to a difference between the first and the second gradation levels, the error data being obtained 
by multiplying the data portion by predetermined error diffusion coefficients according to pixel dots that sur- 
round a pixel dot composed of R(red)-, G(green)- and B(blue)-signal components of the first input video signal, 
at least one of the error diffusion coefficients for one of the R-, G- and B-signal components being different 

10 from the other error diffusion coefficients for the other signal components; and 

an adder to add the generated error data to the first input video signal, thus converting the first input video 
signal into the second video signal. 

7. The apparatus according to claim 6, wherein the generator generates a predetermined number of error data for 
is multiplying a data portion of an input video signal that has been input by a predetermined period ago by the error 

diffusion coefficients according to the predetermined number of the surrounding pixel dots, the adder adding the 
predetermined number of error data to the present input video signal. 

8. An apparatus for converting a first input video signal having a first number of bits into a second video signal having 
20 a second number of bits that is smaller than first number of bits, for displaying an image based on the input video 

signal comprising: 

a generator to generate error data in response at least to a data portion of lower significant bits of the first 
number of bits of the first input video signal, the lower significant bits corresponding to a difference between 

25 the first and the second number of bits, the error data being obtained by multiplying the data portion by pre- 

determined error diffusion coefficients according to pixel dots that surround a pixel dot composed of R(red)-, 
G (green)- and B(blue)-signal components of the first input video signal, at least one of the number of bits of 
the error diffusion coefficients for one of the R-, G- and B-signal components being different from the other 
number of bits of the error diffusion coefficients for the other signal components; and 

30 an adder to add the generated error data to the first input video signal, thus converting the first input video 

signal into the second video signal. 

9. The apparatus according to claim 8, wherein the error diffusion coefficients are different from each other when the 
number of bits of the error diffusion coefficients is the same each other. 
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10. A method of displaying an image based on an input video signal, the method comprising the steps of: 



applying reverse-gamma correction to an input first video signal; 

converting the reverse-gamma correction -applied input first video signal having a first gradation level into a 
40 second video signal having a second gradation level that is lower than first gradation level by multi-gradation 

processing; and 

switching the signal conversion between a first state in which the input first video signal requires multi-gradation 
processing and a second state in which the input first video signal does not require multi-gradation processing. 

45 11 . A method of displaying an image based on an input video signal, the method comprising the steps of: 

applying reverse-gamma correction to an input first video signal; 

converting the reverse-gamma correction-applied input first video signal having a first number of bits into a 
second video signal having a second number of bits that is smaller than first number of bits by multi-gradation 

50 processing; and 

switching the signal conversion between a first state in which the input first video signal requires multi-gradation 
processing and a second state in which the input first video signal does not require multi-gradation processing. 

12. The method according to claim 11 wherein the reverse-gamma correction is provided with first reverse-gamma 
55 correction characteristics that allows the conversion processing, and the second reverse-gamma correction char- 

acteristics that does not allow the conversion processing, the switch switching the first processor between the first 
and the second reverse-gamma correction characteristics. 
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13. The method according to claim 11 wherein the reverse-gamma correction is provided with first reverse-gamma 
correction characteristics that allows the conversion processing, and the second reverse-gamma correction char- 
acteristics that does not allow the conversion processing, the switch switching the reverse-gamma correction be- 
tween the first and the second reverse-gamma correction characteristics. 

5 

14. The method according to claim 12 wherein each of the first and the second characteristics exhibits a relationship 
between input gradation level and output gradation level, and the output gradation for the second characteristics 
more varies than that for the first characteristics with respect to the input gradation. 

10 15. The method according to claim 13 wherein each of the first and the second characteristics exhibits a relationship 
between input gradation level and output gradation level, and the output gradation for the second characteristics 
more varies than that for the first characteristics with respect to the input gradation. 

16. The method according to claim 11 wherein the signal conversion step includes the step of converting lower signif- 
1S icant bits of the reverse-gamma correction-applied input first video signal into zero before the signal conversion, 

the lower significant bits corresponding to a difference between the first and the second video signals, to switch 
the signal conversion into the second state. 

17. A method of displaying an image based on an input video signal, the method comprising the steps of: 

20 

applying reverse-gamma correction to an input first video signal; 

generating error data in response at least to a data portion of lower significant bits of the first number of bits 
of the first input video signal, the lower significant bits corresponding to a difference between the first and the 
second number of bits, the error data being obtained by multiplying the data portion by predetermined error 
25 diffusion coefficients according to pixel dots that surround a pixel dot composed of R(red)-, G(green)- and B 

(blue)-signal components of the first input video signal, the generated error data being added to the first input 
video signal, thus converting the first input video signal into the second video signal; and 
setting the generated error data at zero to halt the signal conversion. 

30 18. A method of displaying an image based on an input video signal, the method comprising the steps of: 

applying reverse-gamma correction to an input first video signal having a first number of bits, the reverse- 
gamma correction being provided at least with first reverse-gamma correction characteristics and second 
reverse-gamma correction characteristics different from the first characteristics; 

35 converting the reverse-gamma correction-applied first input video signal into a second video signal having a 

second number of bits smaller than the first number of bits, by generating error data in response at least to a 
data portion of lower significant bits of the first number of bits of the first input video signal, the lower significant 
bits corresponding to a difference between the first and the second number of bits, the error data being obtained 
by multiplying the data portion by predetermined error diffusion coefficients according to pixel dots that sur- 

40 round a pixel dot composed of R(red)-, G(green)- and B(blue)-signal components of the first input video signal, 

the generated error data being added to the first input video signal; 
turning on or off the conversion of the first input video signal to the second video signal; 
switching the reverse-gamma correction between the first and the second reverse-gamma correction charac- 
teristics with respect to a first state in which the input first video signal requires the input video signal conversion 

45 and a second state in which the input first video signal does not require the input video signal conversion; and 

setting all the lower significant bits of the first input video signal at zero to turn off the signal conversion to 
achieve the second state. 

19. A method of displaying an image based on an input video signal, the method comprising the steps of: 

50 

applying reverse-gamma correction to an input first video signal having a first number of bits, the reverse- 
gamma correction being provided at least with first reverse-gamma correction characteristics and second 
reverse-gamma correction characteristics different from the first characteristics; 

converting the reverse-gamma correction-applied first input video signal into a second video signal having a 
55 second number of bits smaller than the first number of bits, by generating error data in response at least to a 

data portion of lower significant bits of the first number of bits of the first input video signal, the lower significant 
bits corresponding to a difference between the first and the second number of bits, the error data being obtained 
by multiplying the data portion by predetermined error diffusion coefficients according to pixel dots that sur- 
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round a pixel dot composed of R(red)-, G(green)- and B(blue)-signal components of the first input video signal, 
the generated error data being added to the first input video signal; 
turninq on or off the conversion of the first input video signal to the second video signal; 
switching the reverse-gamma correction between the first and the second reverse-gamma correction charac- 
teristics with respect to a first state in which the input first video signal requires multi-gradation processing and 
a second state in which the input first video signal does not require multi-gradation processing; and 
setting all the generated error data at zero to turn off the signal conversion to achieve the second state. 

20 An apparatus of displaying an image based on an input video signal comprising a reverse-gamma corrector to 
apply reverse-gamma correction to the input video signal, the reverse-gamma corrector being provided with at 
least first and second reverse-gamma correction characteristics each representing a relationship between an input 
qradation level and an output gradation level, the first characteristics being composed of a first straight line having 
a first gradient from an input gradation level zero to a predetermined input gradation level, the second character- 
istics being composed of a second straight line having a second gradient from the input gradation level zero to the 
predetermined input gradation level, the first and the second gradient being different from each other, each straight 
line being followed by a curve at the predetermined input gradation level. 

21. An apparatus of displaying an image based on an input video signal comprising: 

a first processor to apply reverse-gamma correction to an input first video signal having a first number of bits, 
the reverse-gamma corrector being provided with at least first and second reverse-gamma correction charac- 
teristics each representing a relationship between an input gradation level and an output gradation level, the 
first characteristics being composed of a first straight line having a first gradient from an input gradation level 
zero to a predetermined input gradation level, the second characteristics being composed of a second straight 
line having a second gradient from the input gradation level zero to the predetermined input gradation level, 
the first and the second gradient being different from each other, each straight line being followed by a curve 
at the predetermined input gradation level; 

a second processor having at least a first and a second generator to convert the first input video signal into a 
second video signal having a second number of bits smaller than the first number of bits, each generator 
generating error data in response at least to a data portion of lower significant bits of the first number of bits 
of the first input video signal, the lower significant bits corresponding to a difference between the first and the 
second number of bits, the number of the lower significant bits being different from each other between the 
first and the second generators, the error data being obtained by multiplying the data portion by predetermined 
error diffusion coefficients according to pixel dots that surround a pixel dot composed of R(red)-, G(green)- 
and B(blue)-signal components of the first input video signal, the generated error data being added to the first 
input video signal; and 

a switch to switch the first processor between the first and the second reverse-gamma correction character- 
istics thus generating a switching signal, in response to the switching signal, the second processor being 
switched between the first and the second generators with respect to the different number of bits of the lower 
significant bits. 

22. An apparatus of displaying an image based on an input video signal comprising: 

a first processor to apply reverse-gamma correction to an input first video signal having a first number of bits, 
the reverse-gamma corrector having reverse-gamma correction characteristics representing a relationship 
between an input gradation level and an output gradation level, the characteristics being composed of a straight 
line having a gradient 1A (t ^ 1) from an input gradation level zero to a predetermined input gradation level, 
the straight line being followed by a curve at the predetermined input gradation level; and 
a second processor to convert the first input video signal into a second video signal having a second number 
of bits smaller than the first number of bits, by generating error data in response at least to a data portion of 
lower significant bits "n" (t = 2 n ) of the first number of bits of the first input video signal, if "n" including decimal 
places, the decimal places being rounded down, the lower significant bits corresponding to a difference be- 
tween the first and the second number of bits, the error data being obtained by multiplying the data portion by 
predetermined error diffusion coefficients according to pixel dots that surround a pixel dot composed of R 
(red)-, G(green)- and B(blue)-signal components of the first input video signal, the generated error data being 
added to the first input video signal. 
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